Improved clonality analysis of multifocal bladder tumors by combination of histopathologic organ mapping, loss of heterozygosity, fluorescence in situ hybridization, and p53 analyses.
The clonality status of multifocal bladder tumors is still controversially discussed with experimental evidence for both monoclonality and field cancerization. Methodologically, loss of heterozygosity (LOH) and genomic sequencing analyses are widely used in clonality analysis of malignant tumors. In the present study, we used LOH analysis and genomic sequencing in combination with fluorescence in situ hybridization (FISH) and extensive histopathologic whole-organ mapping to determine the clonal relationship of multifocal bladder cancer disease. Tissue sections (1 cm(2)) covering the entire urothelial lining were systematically dissected from 2 cystectomy specimens (cystectomy 1, no urothelial lesions, bladder infiltration by a leiomyosarcoma of the vaginal wall; cystectomy 2, multifocal pT3G3 tumors). The location of each sample was documented (bladder mapping). Urothelial cells were microdissected for LOH (chromosomes 9, 17p) and FISH analysis (CDKI2 (9p21), FACC (9q22), p53 (17p13.1), and centromeric probes for corresponding chromosome). Exons 5 to 9 of the p53 gene were sequenced in all tumor samples. No chromosomal alterations were detected in the cystectomy specimen without urothelial malignancies. The tumor-bearing bladder showed an increasing frequency of deletions with increasing malignancy of the investigated lesions. LOH analysis detected deletions only on chromosomes 9p and 17p. In contrast, FISH analysis revealed deletions of all investigated genes at chromosomes 9p, 9q, and 17p in all samples analyzed (preneoplastic and neoplastic tissue). An identical p53 mutation in codon 281 was found in all 7 analyzable tumor samples. Combination of molecular data with histopathologic bladder mapping suggested a monoclonal development of the multifocal lesions mostly via intraurothelial migration. Our data strengthen the results from recently published studies that patients with advanced urothelial carcinoma seem to have a monoclonal panurothelial disease in most cases. FISH showed a much higher sensitivity for detection of chromosomal losses than classical LOH analysis, especially in preneoplastic and small lesions. Combining 3 molecular approaches together with histopathologic organ mapping presents a valuable tool to determine the clonality status of multifocal bladder tumors.